Prevotella ruminicola B 1 4 possesses both NADPH-and NADH-linked glutamate dehydrogenase (GDH) activities, with the greatest specific activity being measured from ammonia-limited cultures. Relative to cells grown in the presence of 1 mM ammonium chloride, the NADPH-dependent activity was decreased approximately 10-fold when peptides were provided as a nitrogen source. Nondenaturing polyacrylamide gel electrophoresis (PAGE) was used to visualize the GDH protein(s) in cell extracts of P. ruminicola. For all growth conditions tested, only one GDH protein was detectable, and its relative abundance, as well as its reactivity with either NAD(P)
In ruminant livestock, the nitrogenous compounds present in forages are subjected to high rates of anaerobic microbial digestion, producing large amounts of ammonia. Because the rate of ammonia production often exceeds the rate of its assimilation, a significant amount is absorbed and converted by the animal to urea and then excreted into the environment. These losses of nitrogen are an economical and environmental dilemma for intensive livestock production systems. Prevotella ruminicola is considered to play a central role in ruminal protein degradation (37, 38) , but little is known about nitrogen assimilation by this bacterium other than that it possesses an unusual degree of selectivity in terms of nitrogen sources used for growth. The bacterium is capable of utilizing both ammonia and oligopeptides (up to 2,000 Da) for growth but not amino acids, small peptides, or other low-molecular-weight nitrogenous compounds (26) .
Peptides improve the growth of P. ruminicola in terms of cell yield per mole of glucose fermented, and the presence of peptides in the growth medium appears to inhibit ammonia assimilation. However, fermentation of the energy source proceeds uncoupled from microbial growth if the bacterium is first adapted to growth on peptides and then transferred to a medium with ammonia as the sole nitrogen source (9, 28) . Moreover, more recent studies with P. ruminicola B 1 4 have demonstrated that an imbalance between the rates of catabolism and anabolism can result in toxic schemes of metabolism that involves the production of methylglyoxal and a depletion of intracellular K ϩ (29, 30) . This toxic scheme of carbohydrate fermentation appears to be related to the concentrations of both glucose and ammonia in the growth medium and to an imbalance between catabolic and anabolic rates. Therefore, an understanding of the mechanism(s) of ammonia assimilation and their regulation in P. ruminicola is warranted.
Glutamate dehydrogenase (GDH) is a key enzyme that links carbohydrate (energy) and nitrogen metabolism (34) . The physiological role of GDH enzymes may be anabolic and/or catabolic: the NADP(H)-dependent enzymes are involved primarily in ammonia assimilation and glutamate biosynthesis, while the NAD(H)-dependent enzymes are often involved in glutamate catabolism (23) . Previous studies have shown that P. ruminicola isolates possess both NADP(H)-and NAD(H)-dependent activities (17, 37) , suggesting that both anabolic and catabolic forms of the enzyme might occur. We present evidence here that the NAD(P)H-GDH activity of P. ruminicola B 1 4 can be attributed to a single enzyme and that its activity is regulated in response to the nitrogen source, probably at the level of transcription. The gene encoding this activity (gdhA) has been cloned, and nucleotide sequence analysis suggests that it belongs to the family I GDH genes but may be a relatively ancient member of this group.
MATERIALS AND METHODS
Growth conditions and enzyme assays. The bacterial strains and plasmids used in this study are listed in Table 1 . P. ruminicola B 1 4 was grown in a basal medium (21) with ammonium chloride added separately to provide final concentrations of either 1, 10, or 50 mM. Alternatively, Trypticase (Becton Dickinson Laborato-ries, Cockeysville, Md.) was used as a source of peptides and was added to the basal medium at a final concentration of either 0.25 or 1.5% (wt/vol). Escherichia coli strains were cultured in either Luria-Bertani (LB) medium or minimal A medium (24) with 40 mM glucose and 15 mM ammonium sulfate added. Amino acid supplements were added to minimal A medium to provide a final concentration of 1 mM, and, when necessary, ampicillin (100 g ml Ϫ1 ), tetracycline (10 g ml Ϫ1 ), or both were also added. Plate media were prepared similarly, but agar (Difco Laboratories, Detroit, Mich.) was added at 1.5% (wt/vol).
Bacterial growth was monitored by measuring the increase in optical density at 600 nm (OD 600 ) with a Spectronic 20D spectrophotometer (Milton Roy Scientific, Chicago, Ill.). For GDH enzyme assays, 10-ml bacterial cultures were harvested at the mid-logarithmic phase of growth (OD 600 Ϸ 0.5) by centrifugation at 10,000 ϫ g for 10 min at 4ЊC. The resulting cell pellet was washed once with 1% (wt/vol) KCl, recentrifuged, and resuspended in 1 ml of 1% (wt/vol) KCl. The GDH activity of whole-cell preparations was assayed by previously described methods (22) with continuous monitoring of the NAD(P)H oxidation at 340 nm at 37ЊC with a computerized spectrophotometer (DU-650; Beckman Industries, La Jolla, Calif.). Measurements were corrected automatically for nonspecific oxidation of the cofactor by simultaneously running reaction mixtures without added ammonia. The amount of protein was determined by the method of Lowry et al. (20) with BSA as a standard. One unit of GDH activity is defined as 1 nmol of cofactor oxidized min Ϫ1 mg of protein
Ϫ1
. Cloning and isolation of the P. ruminicola B 1 4 gdh structural gene. Unless otherwise stated, standard recombinant DNA procedures were used throughout (2) , and enzymes and reagents were obtained from either Promega (Madison, Wis.) or Gibco BRL (Gaithersburg, Md.). Chromosomal DNA was isolated from a 500-ml culture of P. ruminicola B 1 4 grown in rich medium (21) and partially digested with Sau3A I. The digested DNA was size fractionated by sucrose density gradient centrifugation, and fragments of 6 to 9 kb were cloned in the positive selection plasmid vector pEcoR251, which had been linearized with BglII. The resulting library was then used to transform an E. coli glutamate auxotroph strain, PA340, by electroporation. A Gene-Pulser apparatus (Bio-Rad Laboratories, Hercules, Calif.) was used for all electroporations, according to the manufacturer's specifications. Putative glutamate prototrophs were selected by spreading electroporation mixtures on minimal A-ampicillin agar plates, supplemented with all required amino acids (except glutamate).
Cotransformation experiments. In preliminary experiments, E. coli PA340/ pANS700 transformants were cotransformed by electroporation with pRK248cIts (6) . The latter plasmid encodes a temperature-sensitive version of the lambda cI repressor protein, which represses p R -directed transcription at the permissive temperature. Cotransformants were isolated, plated on the minimal A-ampicillin-tetracycline agar plate medium and then incubated at both 35 and 42ЊC.
Southern blot analysis. Chromosomal DNA isolated from P. ruminicola B 1 4, D31d, and 23, as well as Bacteroides fragilis BF-I, B. thetaiotaomicron 5482, and Escherichia coli PA340, was digested with either PstI alone or EcoRI and HindIII and subjected to agarose gel electrophoresis. The DNA fragments were then transferred and bound to Zeta-probe GT membrane by vacuum blotting and UV cross-linking (all items obtained from Bio-Rad Laboratories, Hercules, Calif.). Probe DNA was radiolabelled with [␣-32 P]dCTP by random primer labelling (Pharmacia Biotech, Piscataway, N.J.) and with the 0.6-kb EcoRV-PstI fragment derived from pANS700 ( Fig. 1) as a template. The membrane was allowed to hybridize with the probe (ϳ10 7 cpm) overnight at 43ЊC, washed in 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate)-0.1% (wt/vol) sodium dodecyl sulfate (SDS) at room temperature for 15 min and then twice in 0.1ϫ SSC-0.1% (wt/vol) SDS at 65ЊC, and exposed to X-ray film.
RNA isolation and Northern (RNA) blots. Total RNA was isolated from P. ruminicola B 1 4 cultured with either 1 or 10 mM ammonium chloride or 1.5% (wt/vol) Trypticase peptides as a nitrogen source and from E. coli PA340 and E. coli PA340/pANS700 cultures grown in LB-ampicillin medium. Cultures (10 ml) grown to an OD 600 of ϳ0.5 were mixed with 0.5 volume of cell lysis buffer (300 mM sodium acetate [pH 4.0], 30 mM disodium EDTA, 1.5% [wt/vol] SDS) preheated to 95ЊC in a boiling water bath, and the mixture was placed in the water bath for several minutes. The mixture was then extracted three times with an equal volume of acid-phenol (prewarmed to 65ЊC) and once with chloroformisoamyl alcohol (24:1) at room temperature. Total RNA was precipitated with ethanol and left as an ethanol precipitate in a liquid nitrogen storage vessel until required.
Total RNA was subjected to agarose gel electrophoresis in the presence of glyoxal and dimethyl sulfoxide by standard procedures (31) and then transferred and bound to Zeta-probe GT membrane by the procedures outlined above. The radiolabelled probe was prepared by random-primer labelling, and the same 0.6-kb EcoRV-PstI fragment used in Southern analysis served as the template. As a positive control, a 16-mer oligonucleotide which complements a sequence present in all known 16S rRNA molecules was end labelled with [␥-32 P]ATP and also used as a probe. Between hybridizations, membranes were stripped of radioactivity and then exposed to X-ray film to confirm the removal of the previous probe.
GDH activity staining. P. ruminicola B 1 4 was harvested at mid-log phase following growth with either 1 or 10 mM ammonium chloride or 1.5% (wt/vol) Trypticase peptides as the sole nitrogen source. The cells were resuspended in 1/20 volume of 50 mM Tris buffer (pH 8.0) and then disrupted by three passages through a French pressure cell (32,000 lb/in 2 ; SLM, Aminco; SLM Instruments, Inc., Urbana, Ill.). Unbroken cells and large debris were removed by centrifugation at 15,000 ϫ g and 4ЊC for 15 min, and aliquots of the resulting cell extract (20 g of total protein) were subjected to nondenaturing polyacrylamide gel electrophoresis (PAGE) with the Mini Protean-II system (Bio-Rad Laboratories) as specified by the manufacturer. The acrylamide concentrations were 3 and 7% (wt/vol) in the stacking and resolving gels, respectively. Proteins with NAD(P) ϩ -GDH activity were visualized by immersing the gels in the following reaction mixture (25 ml): Tris ⅐ HCl (pH 8.0), 50 mM; L-glutamate, 20 mM; Nitro Blue Tetrazolium, 0.3 mg/ml; phenazine methosulfate, 0.05 mg/ml; and NAD(P) ϩ , 0.5 mM (7, 15) . Proteins with NAD(P)H-dependent GDH activity were identified in the same manner, except that L-glutamate was replaced with ␣-ketoglutarate (50 mM).
SDS-PAGE analysis. E. coli PA340 plus PA340 transformed with either pANS700 or several other plasmids containing the gdhA gene were grown in either LB or minimal A medium (plus supplements). Aliquots of the washed cell suspensions (25 g of total protein) were subjected to SDS-PAGE with the Mini Protean-II system. Acrylamide concentrations were 4 and 10% (wt/vol) in the stacking and resolving gels, respectively. Nucleotide sequencing and analysis. The gdhA gene was sequenced by the dideoxy chain termination method with Sequenase version 2.0 (US Biochemical, Cleveland, Ohio), and extended runs were carried out by the University of Nebraska DNA-sequencing facility. Both DNA strands were sequenced completely within the gdhA cloning region (Fig. 1) . The gdhA sequence was analyzed with programs available through the Genetics Computer Group Wisconsin Genetics Package (version 8.0).
RESULTS
GDH activity of P. ruminicola. Both NADP(H)-and NAD(H)-dependent GDH activities were measurable in whole-cell assays (Table 2) , and rupturing the cells by either sonication or passage through a French pressure cell did not improve the measurements (data not shown). The highest NADPH-dependent specific activity was obtained when cells were grown on 1 mM ammonia. It was approximately 4-fold higher in cells cultured in the presence of 1 mM ammonia than in cells cultured with 0.25% (wt/vol) Trypticase and 10-fold higher than in cells cultured with 1.5% (wt/vol) Trypticase. A similar trend was observed for NAD(H)-dependent GDH activity, although the specific activity was lower with this cofactor.
Effect of KCl on GDH activity. When the KCl concentration of the assay buffer was increased to either 0.2 or 0.5 M, the NADPH-dependent specific activity was increased at least twofold, but the NADH-dependent activity fell below the limits of detection (Table 3 ). The effect was the same for both ammonia-and peptide-grown cells. Added KCl also had no influence on the apparent modulation of GDH activity in response to growth on peptides.
E. coli mutant complementation and cotransformation. E. coli PA340 lacks both GDH and glutamate synthase and as such is a glutamate auxotroph. Therefore, this strain provides an excellent genetic background to clone and isolate genes encoding proteins which catalyze glutamate formation from ammonia and ␣-ketoglutarate. After ϳ36 h of incubation, approximately 50 colonies developed on the selective plates, and all of the colonies developed to a similar size. Ten of these colonies were restreaked on minimal A-ampicillin agar plates to confirm the growth phenotype and then cultured in LBampicillin broth for plasmid DNA extraction and restriction enzyme fragment analysis. E. coli PA340 was also retransformed with each of these plasmid DNA preparations, and all 10 gave rise to ampicillin resistance and glutamate prototrophy with equal efficiencies, indicating that only one species of plasmid was present in each preparation. All 10 plasmids also possessed similar DNA restriction fragment patterns (data not shown) and gave rise to NAD(P)H-dependent GDH activity in enzyme assays. Therefore, only one of these plasmids, designated pANS700, was used in further studies.
The positive selection vector pEcoR251 possesses a strong promoter element (p R ), which may be responsible for the transcription of the cloned P. ruminicola gdh gene. The E. coli PA340/pANS700/pRK248cIts cotransformants were selected on the basis of ampicillin and tetracycline resistance and, when plated on minimal A medium (plus antibiotics), grew at both incubation temperatures. Thus, expression of the gene encoding GDH activity is independent of the E. coli promoter present in the cloning vector.
GDH activity of E. coli transformants. GDH activity was measured in E. coli PA340/pANS700 transformants cultured in either minimal A-ampicillin or LB-ampicillin medium (Table  4) . Similar to the results observed with P. ruminicola B 1 4 whole cells, NADPH-dependent activity was the predominant form but NADH-dependent activity was also measurable. Moreover, when the KCl concentration of the assay buffer was increased to either 0.2 or 0.5 M, the NADPH-dependent specific activity was increased approximately twofold and the NADH-dependent specific activity was inhibited. In addition, when the 3.5-kb XbaI-ScaI fragment of pANS700 was subcloned in pBluescript II SK (pANS701) and KS (pANS702), both constructions retained the ability to complement E. coli PA340 glutamate auxotrophy. The GDH activity in PA340 transformed with these subclones was also similar to that found in E. coli PA340/pANS700 transformants (Table 4) . Southern and Northern blot analyses. The DNA probe hybridized strongly with the chromosomal DNA of P. ruminicola B 1 4 but showed no cross-hybridization with chromosomal DNA extracted from P. ruminicola 23 or D31d or with the chromosomal DNA of E. coli PA340, B. fragilis, or B. thetaiotaomicron (data not shown). Although the Southern blot was conducted under conditions of high stringency, the limited cross-hybridization of the probe suggests that the gdh genes of these bacteria and P. ruminicola B 1 4 are not highly homologous.
The results of Northern blot analyses are shown in Fig. 2 . To our knowledge, these are the first Northern blots presented for ruminal bacteria that examine the relative abundance of a specific transcript in response to growth conditions. The method of RNA extraction was relatively simple and provided RNA that was largely undegraded. The probe raised against the 0.6-kb EcoRV-PstI fragment of pANS700 hybridized strongly with RNA prepared from ammonia-grown P. ruminicola cells but to a much lesser extent with RNA isolated from cells cultured in the presence of 1.5% (wt/vol) Trypticase. The same probe hybridized to RNA isolated from E. coli PA340/pANS700 transformants but did not hybridize to RNA isolated from untransformed E. coli PA340 (Fig. 2A) . The length of the gdhA transcript was estimated to be 1.5 kb on the basis of the migration of RNA standard markers (Promega, Madison, Wis.) run on the same gel and was similar in both P. ruminicola and E. coli. When the membrane was stripped of the gdh-specific probe and rehybridized with the 32 P-end-labelled 16S rRNAspecific oligonucleotide, hybridization occurred in all lanes and with similar levels of intensity (Fig. 2B) . Taken together, these results are considered to reflect that gdhA expression in P. ruminicola B 1 4 may be subject to transcriptional regulation, in response to the nitrogen source used for growth (ammonia versus peptides).
GDH activity staining. Nondenaturing PAGE of cell extracts demonstrated that P. ruminicola B 1 4 and the E. coli PA340/pANS700 transformant both possessed a single protein band that reacted positively with NADP ϩ as the cofactor. The reactive proteins were identical in terms of relative migration distance and absent in untransformed E. coli PA340 (Fig. 3A) . The same protein band was reactive when NADPH was used as the cofactor (data not shown). When NAD ϩ or NADH was used as the cofactor in the absence of KCl, a similar protein band was weakly reactive and also possessed the same relative migration distance observed with NADP(H) (data not shown). However, the NAD(H)-catalyzed activity was virtually eliminated when 0.2 M KCl was included in the reaction mixture, and no other proteins were reactive under those conditions (Fig. 3B) . Collectively, these results are interpreted as showing that both NAD(P)H-dependent GDH activity can be attributed to a single protein and that only one GDH protein is expressed in P. ruminicola B 1 4 in response to the growth conditions tested here.
SDS-PAGE analysis. The E. coli PA340/pANS700, PA340/ pANS701, and PA340/pANS702 transformants all contained an additional protein band of approximately 50 kDa compared with the untransformed E. coli strain (Fig. 4) . This protein band was also absent in the SDS-PAGE protein profiles of PA340/pANS700 deletions, which resulted in no measurable GDH activity in E. coli PA340 transformants.
Sequence analysis of gdhA. When either the ScaI-EcoRI or the HindIII-XbaI fragment of pANS700 was subcloned, neither resulted in the transformation of E. coli PA340 to glutamate prototrophy, and it was subsequently shown that the EcoRI site was located centrally within the gdhA structural gene (Fig. 1) . The gdhA gene was found to encode an open reading frame of 1,332 bp beginning with a methionine residue (ATG) and terminating with an ochre-type codon (UAA). The putative GdhA polypeptide is composed of 444 amino acids with a predicted molecular mass of 48.4 kDa, which corresponds to the molecular mass of the subunit estimated from SDS-PAGE analysis (Fig. 4) . The GdhA sequence possesses the three highly conserved motifs typical of family I hexameric GDHs (5), although several unique amino acid changes are evident (P to K at position 95, and L to A at position 99 [ Fig. 5]) . Three were also identified, and the distance between these motifs also conformed with other GTP-binding domains (10, 32, 36) .
DISCUSSION
The results presented here lead us to predict that P. ruminicola B 1 4 expresses only one GDH enzyme in response to variations in N source and availability. This is supported by the following observations: (i) there was no dramatic alteration in the ratio of NADPH to NADH specific activities in response to the nitrogen source (Table 2) ; (ii) the responses of GDH specific activities to the inclusion of KCl in the assay buffer were similar, irrespective of the nitrogen source used for growth (Table 3) ; (iii) the GdhA proteins encoded by plasmids pANS700 through pANS702 possessed properties which were virtually identical to those measured in whole-cell assays with P. ruminicola (Table 4) ; and (iv) activity staining of native GDH revealed only one protein with dual specificity for both NAD(H) and NADP(H) (Fig. 3) . The possibility that plasmids pANS700 through pANS702 contain clones of more than one gene encoding GDH activity is also unlikely. Subclones giving rise to partial deletions of the gdhA structural gene did not transform E. coli PA340 to glutamate prototrophy, and when the transformants were grown in LB-ampicillin medium, neither NADPH-nor NADH-dependent activity could be measured. Northern blot analysis also revealed that the gdhA transcript is monocistronic, precluding the possibility that two different genes encoding GDH-like proteins were cotranscribed. Several previous studies have also revealed that some anaerobes possess GDH enzymes with dual cofactor specificity, and the most detailed studies have been conducted with purified enzyme preparations from B. thetaiotaomicron and B. fragilis (15, 42, 44) . In both these species of bacteria, the primary role of the enzyme also appears to be for glutamate biosynthesis. Therefore, while we cannot completely exclude the possibility that the bacterium possesses an additional GDH gene(s), such a gene(s) does not appear to have been expressed in response to the growth conditions used in these experiments.
Ionic strength is considered to affect subunit assembly and stabilization of the active (hexameric) conformation of GDH enzymes present in halophilic and thermophilic prokaryotes (11, 19, 34) . As a microbial habitat, the rumen can also be considered a moderately halophilic environment, and for several species of ruminal bacteria, inclusion of K ϩ ions in the assay buffer was required for maximal GDH specific activity (13, 33) . Considering that P. ruminicola generally maintains a cytoplasmic K ϩ concentration in excess of 200 mM (30) , the increase in NADPH-dependent specific activity upon KCl addition was not entirely unexpected. However, the inhibition of NADH-dependent specific activity does suggest that this activity is probably not of physiological importance, at least in terms of glutamate biosynthesis.
Similar to previous findings with P. ruminicola B 1 4 (28), there was little difference in the growth rate of this bacterium when either ammonia or Trypticase was used as the nitrogen source. Therefore, the modulation of GDH activity cannot be readily explained by differences in growth rate. Although a relatively high concentration of Trypticase was required for a substantial decrease in GDH activity (and gdhA transcription), it has been estimated that less than 5% of the available peptides are utilized (28) , a reflection of the selective utilization of large oligopeptides by this bacterium (26, 27) . Thus, the effective concentration of oligopeptides resulting in the inhibition of GDH activity is probably much lower than the actual concentration of Trypticase added to the growth medium. Results further suggest that the modulation of ammonia assimilation is responsible for the "energy spilling" described by Russell (28) once the bacterium exhausts the available pool of peptides. Northern blot analysis of P. ruminicola gdhA transcript abundance following growth in either 1 or 10 mM ammonia-containing or 1.5% (wt/vol) peptide-containing medium supports the contention that regulation probably is mediated at the level of transcription. Growth of E. coli PA340/pANS700 transformants in LB-ampicillin medium also had little influence on GDH specific activity ( Table 4 ), suggesting that there was no direct feedback inhibition of enzyme activity in response to growth in rich medium.
Interestingly, NADPH-dependent GDH specific activity in P. ruminicola B 1 4 was further increased in response to growthlimiting concentrations of ammonia (1 mM or less) (40, 41) . The limited studies conducted to date with B. fragilis and B. thetaiotaomicron have also revealed that GDH specific activity may increase as much as 10-fold in response to ammonia limitation (4, (42) (43) (44) , which is in direct contrast to what is seen in enteric bacteria (23) . Moreover, while glutamine synthetase and glutamate synthase activities are detectable in Bacteroides spp. in the presence of limiting ammonia, their specific activities are low (relative to enteric bacteria) and inhibition of glutamine synthetase has no major effect on the growth of the cells (43) . Similar to Ruminobacter amylophilus (16) , P. ruminicola B 1 4 was reported to possess glutamine synthetase activity (18) , but no NAD(P)H-dependent glutamate synthase activity was detectable (41) . Like the human colonic Bacteroides species, the pathway of ␣-ketoglutarate biosynthesis in P. ruminicola proceeds via a reductive carboxylation of succinate rather than via isocitrate (1). While P. ruminicola strains produce relatively large amounts of succinate in pure culture, their fermentation to propionate could also provide additional ATP through electron transport-linked phosphorylation. Such a fer- (35) . Therefore, regulation of GDH activity in P. ruminicola may be relevant in coordinating carbon flux between ATPyielding and biosynthetic processes but perhaps in response to a different set of intracellular events compared with those for aerobic bacteria. In addition to its central role in ruminal nitrogen metabolism, P. ruminicola is a member of the family Bacteroideaceae genetic diversity known to exist within this phylum (3). Moreover, the evolutionary rate of the hexameric GDHs is estimated to be 1.8 mutations per 100 residues per 10 8 years, and these enzymes are thought to be a useful model for evolutionary studies (34) . The hexameric GDH enzymes have been recently subdivided into two paralogous families on the basis of the presence of amino acid motifs identified as being unique to each (5) . Although the GdhA sequence from P. ruminicola B 1 4 possesses motifs typical of family I hexameric GDHs (Fig. 5) , several unique substitutions were also apparent. The identification of sequence motifs which are spatially arranged in a manner consistent with other GTP-binding domains was unexpected. Although it is well known that GTP inhibits bovine GDH, perhaps by interfering with polymerization of the inactive monomer into the active, hexameric configuration (12, 14, 34) , no significant effect of either GTP or ADP on GDH activity has been observed in those prokaryotes examined (7, 8, 15, 19) . Given that among 29 GDH sequences obtained from the SwissProt database, GTP-binding domains were clearly distinguishable in only 2 other sequences-from the archaebacterium Thermococcus litoralis and also from Porphyromonas (Bacteroides) gingivalis-the relevance of such a motif in coordinating enzyme activity in P. ruminicola is equivocal.
There is sufficient evidence to suggest that some of the more ancient, obligately anaerobic bacteria do not comply with the widely recognized eubacterial paradigm of nitrogen regulation, developed primarily from the study of enteric bacteria. A number of interesting features were also identified from an examination of the GdhA sequence of P. ruminicola B 1 4. The genus Prevotella and other members of the Bacteroideaceae, would appear to be excellent microorganisms for more detailed studies of the molecular bases of biodiversity and evolution of nitrogen assimilatory pathways. Further studies will involve the construction of gdhA mutants to assess whether GdhA acts as the primary pathway of ammonia assimilation with limiting and excess concentrations of ammonia and how gene and enzyme expression is regulated in response to the nitrogen source and ammonia concentration. 
